The study intends to interpretation of well logs to determine the petrophysical parameters for Khasib, Tanuma, and Sa'di formations in Halfaya Oil Field. Where this field is located 30 kilometers south-east of the Amara city and it is considered as one of the important fields in Iraq because of the high production of oil, because Khasib, Tanuma, and Sa'di are f carbonates reservoirs formations and important after the Mishrif Formation because of the lack of thickness of the formations compared to the amount of oil production. The Matrix Identification (MID) and the M-N crossplot were used to determine the lithology and mineralogy of the formations; through the diagrm it was found the three formations consisted mainly of calcite with some dolomite. Density -Neutron cross plot for lithology identification which shows that the formations are mainly consist of limestone with little shale. 
Introduction
Khasib, Tanuma, and Sa'di formations are carbonate sequence were deposited during the Cretaceous period in the secondary sedimentary cycle (The Turonian-Lower Companian). This carbonate sequence comprises many shale and marl units alternating with some porous and fractured
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Fayadh and Nasser Iraqi Journal of Science, 2018, Vol. 59, No.1C, pp: 520-533 521 carbonate unites in some oil [1] . The Halfaya oil field in the Mesopotamian basin trend in NW-SE. The Arabian Gulf Basin was mainly influenced by the Alps Tectonic Movement, and developed the platform deposition. The platform within Iraqi territory can be divided into two large tectonic zones from west to east, the stable continental shelf zone in the west and unstable continent shelf zone in the east. Halfaya Oil field in Iraq is located in the unstable continental shelf on the northern of Arabian Gulf Basin. Huge thick sedimentary strata covered the unstable continent shelf [2] . The Kometan Formation is the most widespread Turonian formation of northern and central Iraq, which should represent partly the age equivalents of the former three formations [3] .
Study Area
The Halfaya field is located in southern Iraq in Missan governorate, 30 kilometers southeast Amara city [ Figure-1 ]. Area was the first surveyed in 1957 and then the national oil company has performed seismic survey which covered the region during the period 1973.Appearance results for Halfaya structural form is pear shape consists of two domes extending from the northwest to the south-east. The main purpose of the present study is interpretation of well logs to determine the petrophysical parameters for Khasib, Tanuma, and Sa'di formations and evaluating the petrophysical properties of these formations using available core analysis.
Methodology
The data were used from available records (LAS) such as potential spontaneous records (SP), gamma rays, density, sonic, neutrons, and resistivity. Loaded into the IP program and calculating the water saturation ratio and moveable hydrocarbons as well as the effective and secondary porosity, lithology and mineralogy for the three formations.
Borehole Environment
During the drilling of the well the hydrostatic pressure of the mud column is usually greater than the pore pressure of the formations. This prevents the well from "blowing out". The resultant differential pressure between the mud column and formation forces mud filtrate into the permeable formation, and the solid particles of the mud are deposited on the borehole wall where they form a mudcake . Mudcake usually has a very low permeability (of the order of 10-2-10-4 md) and, once developed, considerably reduces the rate of further mud filtrate invasion to very close to the borehole and most of the original formation water and some of the hydrocarbons may be flushed away by the filtrate. This zone is referred to as the flushed zone [5] .
Figure 2-
Illustrating the borehole environment [6] .
Resistivity log
Resistivity logs are electric logs, which are the oldest geophysical logging techniques, introduced by the Schlumberger brothers in oil and gas exploration [7] . The resistivity of a substance has ability to impede the flow of electric current through that substance [8] . The resistivity of a formation is the key parameter in determining hydrocarbon saturation. The resistivity of formation depends on resistivity of the formation water, amount of water present, and pore structure geometry [5] .
Spontaneous Potential Log (SP)
The SP curve records the electrical potential produced by the interaction of formation water, conductive drilling mud, and certain ion selective rocks such as shale. It is a recording versus depth of the difference between the electrical potential of a moveable electrode in the borehole and the electrical potential of a fixed surface electrode. Opposite shales, the SP curve usually defines a more or less straight line on the log, called the shale baseline. Opposite permeable formations, the curve shows deflections from the shale baseline. In thick beds, these deflections tend to reach an essentially constant deflection defining a sand line. The deflection may be due to the left (negative) or to the right (positive), depending primarily on the salinities of the formation water and of the mud filtrate. If the formation water is more saline than the mud filtrate and the deflection is to the left. If it is less saline than the mud filtrate, the deflection is to the right [9] .
Radioactivity logs [Gamma Ray Log (GR)]
Gamma ray log is a measurement of the natural radioactivity of the formation, the log normally reflects the shale content of the formation because the radioactive elements tend to concentrate in clays and shales. Clean formations usually have a very low level of radioactivity, unless a radioactive contaminant such as volcanic ash or granite wash is present or formation waters contain dissolved radioactive salts [9] .
Porosity Logs
Porosity is the ratio of void space in a rock to the total volume of rock, and reflects the fluid storage capacity of the reservoir [6] . Rock porosity can be obtained from the sonic log, the density log, or the neutron log. For all these logs, the tool response is affected by the formation porosity, fluid, and matrix. If the fluid and matrix effects are known or can be determined, the tool response can be related
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Density Log
The formation density log is a porosity log that measures the electron density of the formation [11] . The density log can assist to identify evaporite minerals, detect gas bearing zones, determine hydrocarbon density, and evaluate shaly-sand reservoirs and complex lithologies [8] . Formula used to determine porosity from density logs is given in the following [12] .
Where:
= porosity by Density log, = matrix desity, = fluid density, = bulk density.
Neutron Log
According to [10] Neutron logs are used principally for delineation of porous formations and determination of their porosity. They respond primarily to the amount of hydrogen in the formation. Thus, in clean formations whose pores are filled with water or oil, the neutron log reflects the amount of liquid-filled porosity.
Sonic Log
Sonic log is a porosity log that measures interval transit time (∆t, delta t, or DT) of a compressional sound wave traveling through the formation along the axis of the borehole. The interval transit time (Δt) is dependent upon both lithology and porosity. time-average equation has been used in this study [13] .
Where: θ = sonic-derived porosity, Δ = interval transit time in the pore fluid (saltwater mud= 185 μsec/ft), Δ = interval transit time of rock matrix, = interval transit time measured by the Log
Determination of Porosity Total porosity
Total porosity is defined as the ratio of the volume of all the pores to the bulk volume of a material, regardless of whether or not all of the pores are interconnected [14] . [15] proposed an equation to compute the total porosity from neutron and density logs that may be expressed as.
Effective porosity
Effective porosity is the ratio of the volume of interconnected pores to the total volume of reservoir rock [14] . It is also defined as the total porosity minus the clay-bound water and water held as porosity within the clays [16] .
Primary and secondary Porosity
The primary porosity is the amount of pore presents in the sediment at time of deposition, or formed during sedimentation. It is usually a function of the amount of space between rock -forming grains [6] . The development of vugs and fractures as found in carbonate reservoir rocks is termed Secondary Porosity and it is a function of the depositional history and diagenesis of the rocks [14] . Figure-3 shows relation between the effective porosity (PHIE) and secondary porosity (PHIsec) in well HF-316. The secondary porosity in general is less than the effective porosity and can be neglected in the most intervals of formation. When secondary porosity is high it indicates the presence of digenesis processes in the formation such as dolomatization and dissolution. 
Determination of Lithology and Mineralogy The Matrix Identification (MID) Plot
Indications of lithology, gas, and secondary porosity can also be obtained using the matrix identification (MID) plot. To use the MID plot, three data are required. First, apparent total porosity,
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The Figure-4 of MID cross plot show type of matrix in Khasib, Tanuma, and Sa'di formations at Halfaya Oil field that is mainly calcite. 
M-N Cross Plot
In more complex mineral mixtures, lithology interpretation is facilitated by use of the M-N plot. These plots combine the data of all three porosity logs to provide the lithology-dependent quantities M and N. M and N are simply the slopes of the individual lithology lines on the sonic-density and density-neutron crossplot charts, respectively. Thus, M and N are essentially independent of porosity, and a crossplot provides lithology identification [10] . The two calculated quantities are are shown in two equations below. 
Neutron density cross plotting
The neutron-density cross plot is one of the oldest quantitative interpretation tools it was the principal method for determining the formation lithology [17] . The gamma ray log measures the natural radiation of a formation and primarily functions as a lithology log. It helps differentiate shales (high radioactivity) from sands, carbonates, and anhydrites (low radioactivity). The neutron log is a porosity device that is used to measure the amount of hydrogen in a formation, which is assumed to be related to porosity. The density log is a porosity device that measures electron density, and from that, formation bulk density. When these three logs are used together, lithologies can be determined [13] . Figures-(6, 7) illustrate in detail the lithology and averaged porosity of the two reservoir units (Khasib-A , Khasib-B) in well HF-316 in 2D. These figures show that nearly all the points of the reservoir units fall in the field of limestone which indicate the lithology of Khasib Formation with a little points of dolomite and with some shale.
Figures- (8, 9) illustrate in detail the lithology and averaged porosity of the two reservoir units (Tanuma and Sa'di) in 3D plot in well HF-316.
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Archie's Parameters (m, n, & a) Determination from well logs Using Pickett Plot
The Pickett crossplot [18] is one of the simplest and most effective crossplot methods in use. This technique not only gives estimates of water saturation, but can also help to determine: (1) formation water resistivity (Rw), (2) cementation factor (m), and (3) matrix parameters for porosity logs (t ma and  ma ) [19] .
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Pickett's plot has been used in determination of Archie's parameters from well log using Interactive Petrophysics software (V.3.5). [20] suggested a method that depends on a cross plot between resistivity vs. porosity to calculate (m) and/or (a) from well logs. The following logic describes this method.
According to [20] :
Where: w : is the water saturation (fraction), w : is the water resistivity, : is the porosity, t : Formation resistivity, a, n, and m: Archie's parameters (dimensionless). The three Archie's parameters (m, n, and a) were determined using Pickett plot. The Figures-(10,11,  12) show the results of Pickett's plot in HF-316. 
Water Saturation Determination (Archie's Method)
According to [10] Archie determined experimentally that the water saturation of a clean formation can be expressed in terms of its true resistivity as:
Where: w : water resistivity, t : true resistivity, F : formation resistivity factor n : saturation exponent F is usually obtained from the measured porosity of the formation through relationship [19] :
Where: m: is the cementation factor, a: is a constant.
In equation FRw, is equal to Ro, the resistivity of the formation when 100% saturated with water of resistivity Rw [10] .
√
The water (mud filtrate) saturation, S xo of the flushed zone can also be expressed by the Archie's formula [10] : √ Where: R mf : resistivity of the mud filtrate and Rx, R xo : is the resistivity of the flushed zone.
Movable and Residual Hydrocarbons
According to [10] The saturation in the flushed zone can be used to estimate the residual oil saturation and the movable hydrocarbon saturation; depending on coefficients (m, n and a) from the Rt-φ crossplot.
The residual hydrocarbon saturation is equal to [21] :
Where: S hr :The residual hydrocarbon saturation, S xo : water saturation in the flushed zone.
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The equation gives the saturation of unmoved or residual hydrocarbons in the invaded zone [21] . Comparison of Sxo and Sw in a hydrocarbon zone is considered to give movable hydrocarbons. It is equal to the fraction of movable hydrocarbons in the formation as shown in the equation below [21] .
Where: S hm : movable hydrocarbon saturation, fraction.
The percentage volume in terms of the reservoir is given by multiplying term by the porosity ɸ [21] .
The residual oil saturation and movable hydrocarbon are calculated from the following equations [22] :
] Where is the Figure-13 which represents Computer Processed Interpretation (C.P.I) for HF-316 
